Introduction
Maintaining the strength of immune responses to pathogens within appropriate levels is important in eliminating the pathogens without accompanying pathological inflammatory responses. Such well balanced immunity has been shown to be achieved by simultaneous secretion of an anti-inflammatory cytokine interleukin (IL)-10 together with proinflammatory cytokines. For example, without IL-10, mice infected with Toxoplasma gondii succumb to a lethal immune response 1 . On the other hand, IL-10 has been shown to prevent complete eradication of Leishmania major after acute infection, and to allow persistence after clinical cure 2, 3 . Thus, a subtle balance between hosts and pathogens is maintained by IL-10 during immunity to infections. , prototypes of which are Th1 and Th2 responses. In humans, two distinct types of DCs exist: myeloid DCs (mDCs) and plasmacytoid DCs (pDCs) 9 . Notably, pDCs are well equipped to protect a host from viral infection in that (i) they characteristically express Toll-like receptor (TLR)7 and TLR9, which recognize single-stranded RNA and unmethylated CpG DNA derived from viruses, respectively 10 , (ii) at the DC precursor stage, pDCs produce vast amounts of type I IFNs (IFN-α/β), essential cytokines in anti-viral immunity 11 , in response to viruses 10, 12 , and (iii) pDCs are able to present viral antigens after infected with viruses 13, 14 . Thus, pDCs appear to play a key role in developing and modulating anti-viral immune responses.
We previously showed that after producing large amounts of type I IFNs in response to herpes simplex virus (HSV), pDC precursors survive and increase the expression of MHC and co-stimulatory molecules, thus developing to DCs that prime naïve CD4 + T cells to differentiate into IFN-γ/IL-10-producing T cells, in contrast to IL-3-stimulated pDCs, which preferentially induce Th2 type cells 15 . This finding implies that virus-stimulated, type I IFN-producing pDCs may be responsible for the induction of the immunoregulatory IFN-γ/IL-10-producing CD4 + T cells during infection with viruses that persist after clinical cure.
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Materials and methods

Isolation of DC and T cells
Flow cytometric cytotoxicity assay
Flow cytometric cytotoxicity assay was performed to measure in vitro cellular cytotoxicity of CD4 + T cells in a manner previously described only.
For
Statistical analysis
Data are presented as means ± SD. Statistical comparisons were performed using unpaired two-tailed Student's t tests, with a probability value less than 0.05 taken to indicate significance.
Ethical principles
This study was approved by the Institutional Review Board at Graduate School of Medicine, Kyoto University, and abides by the tenets of the Declaration of Helsinki.
Results
Virus-stimulated pDCs induce poor proliferation of allogeneic naïve CD4
+ T cells only.
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Allogeneic naïve CD4 + T cells co-cultured with virus-stimulated pDCs produce both IFN-γ and IL-10 and less IL-2
We have previously shown that HSV-pDCs induce allogeneic naïve CD4 + T cells to differentiate into IFN-γ-and IL-10-producing cells 15 . This cytokine profile is similar to that of Tr1 cells 28 , and thus we examined whether these T cells produce a smaller amount of IL-2 than CD4 + T cells that were stimulated with other types of DCs, which is another feature of regulatory T cells These data indicate that HSV-pDCs, and to a lesser extent IL-3-pDCs, induce CD4 + T cell anergy.
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For For 
HSV-pDCs and IL-3-pDCs induce granzymes and perforin in CD4 + T cells in a partially
IL-10-dependent manner
It has recently been shown that anti-CD3/anti-CD46 stimulation induces CD4 + regulatory T cells that express granzymes and perforin 21, 22 . Because perforin has been shown to play an important role As shown in Figure 5 , granzyme A was induced by stimulation with any DCs: HSV-pDCs, IL-3-pDCs, and GM-CSF-mDCs. HSV-pDCs, and to a lesser extent IL-3-pDCs, induced high levels of granzyme B in CD4 + T cells, whereas GM-CSF-mDCs induced only a low level of granzyme B.
HSV-pDCs, and to a lesser extent IL-3-pDCs, induced moderate levels of perforin, whereas GM-CSF-mDCs did not induce a significant level of perforin. The induction of granzyme A or only.
For personal use at PENN STATE UNIVERSITY on February 22, 2013. bloodjournal.hematologylibrary.org only. , and may play an important role in down-modulating pathological immune reactions and may also be responsible for allowing persistent infection 2, 3, 7, 29 . Given that the direction of naïve CD4 + T cell differentiation is largely determined by the subset and activation state of DCs, it is important to elucidate which type of DCs induces naïve For . In humans, mDCs produce IL-12 but not IFN-α in response to bacterial stimuli, whereas pDCs produce IFN-α but not IL-12 in response to viral stimuli 10, 15 . Therefore, in humans, only.
